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(71) We, National Research Development Corporation, a British Cor- 
poration established by Statute, of Kingsgate House, 66 — 74, Victoria Street, London, 
S.W.I. , do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly des- 
5 cribed in and by the following statement: — 5 
The invention relates to polymers of unsyinmetrically substituted alkencs, espe- 
cially vinyl compounds, and to processes for their manufacture. 

The polymerisation of substituted aikeacs generally, and in particular of vinyl 
compounds, is well known. Polymerisation of these monomers by normal methods e.g. 
10 free radical initiated polymerisation^ might theoretically give three types of polymeric 10 
product for the generic substituted alkene RJl.C = CR S R ... These types could be. 
1. Head- to- tail polymer : 



•[ CR i W»iW 4 } 



2. Head-to-head and lail-to-uiil; 
15 IcR. R-.CR, R,-CR,R 4 .CR,R.t 15 



£cR, RyCfl, R 2 - CRgR^R^ 



o 



3. A mixture of rypes 1 and 2. 
In practice, polymerisation is found :a rake place to give head-to-iail polymers of type 
1. It will be appreciated that these types of linkage between monomeric units in the 
polymer may only be distinguished when a subsequent on, say the carbon atom carry- 

20 ing Rj and R. t (the "head" of rhe monomeric unit) is different from the subsckuents 20 

on rhe carbon atom carrying R, and R« (the "tail" of the monomeric unit). Such con- ^ s=a 
siderations thus can be appiied only to subsiiruted alkenes which arc unsynimeiric;U 
about the aikenic bond and i: is in this sense that the term "unsymmetricai" is used 
throughout the specification and claims. 

25 In accordance with the present invention, however, there arc provrded novel 25 yyj 

polymers of unsymmetrical substituted aJkenes in which the monomer units fcrming 
the polymer are bonded predominantly in the head-to-head 3nd taJ-to-tail cox:hgura- 
don in contrast to the conventional hcad-to-tail bonded polymers. The novei polymers 
differ significantly in properties from the corresponding hc&d-icMai! polymers, gencr- 

30 ally as a result of their differing steric structure, and this is reflected particularly in 30 
physical properties such as thermal stability and nuclear magnetic resonance spectra. 
Thus, for example, hcad-to-iail linked a-mcthylstyrcne degrades at 2S4°C to yield 
more than 957. monomer, whereas the corresponding head-to-head linked polymer 
yields less than 1% monomer under the same conditions. Again, head-to-hcad linked 

35 potyt^mylchioridc) has enhanced thermal stability as compared with the conventional 35 fr=^ 

[Price 5s. Oi. (2Sp)] 
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polymer and may be used advantageously in place of the conventional polymer in 
higher temperature environments. Head-t'o-head Ihked pol^vmylpyridine) possesses 
semi-conductor properties which may be useful in the clcctrcnics industry. 

A further important use for head- to-Lead polymers in accordance with the inven- 
5 tion is in the study of the thermodynamic and kinetic properties of buik polymer sys- 
tems. Conventional methods of studying these characteristics involve carrying out dilu- 
tion experiments with solutions of the polymer being studied. While such methods are 
accurate for relatively smail molecules, the size of large polymer moleatks means that 
reaction rates are normally diffusion controlled. This rate of diffusion is affected by 
10 dilation with conventional solvents and the accurate assessment of the polymer proper- 
ties is prevented. It has now been found that ki^edc data for conventional head- to-tail 
polymers may be obtained accurately by diluting them with the corresponding head- 
to-head polymer which is indistinguishable so far as diffusion rate is concerned, but 
which may be disanguished anaiyricaily to give accurate results for the head-to-tail 
15 polymer being studied. 

According to the invention polymers of unsym metrical substituted aikenes having 
predominantly head-to-head and taii-to-tail linkages between monomer units may be 
prepared by a process which broadly comprises ^reacting an electron transfer agent, 
M or M + A~" where M is an alkali or an alkaline earth metal and A~~ is an anion de~ 
20 rived from a polymidear aromatic hydrocarbon (that is a hydrocarbon having at least 
two aromatic rings) compound, with a monomer having the formula : 

R,R 3 C = CR 5 R I 

wherein R 3 , R 3 , R s and R 4 are hydrogen, or halogen, or a univalent radical chosen 
from alkyl, aryl aralkyl, alkoxy, aryfoxy, alkoxycarbonyl, aryloxycarbonyf, and substi- 
25 tutcd derivatives of these radicals such that the monomer is unsymraetrical about the 
alkenic double bond, to form a carhanfon which is in the form of either a dicarbanion 
salt having the dimeric structure 



If 

ftj 

or a dicarbanion salt having the tetrameric structure 

M C-C-C-C- C-C~C— C ^ 
I I , I I I I I I 
R 4 R^Rj R 4 R 4 R 2 « 4 

and subsequecdy reducing the carbanion, whereby a polymer is formed containing pre- 
dominantly repeating units of :he structure. 

Electron transfer agents which are particularly effective in the formation of the 
35 carbanion arc alkali metals, especially sodium. Suitable salts, M+A~ include sodium 
naphthalene and sodium diphenyl. The conditions under which the carbanion may bt 
formed vary according ro which 'monomer is used and depend upon either the thermo- 
dynamics or the kinetics of the particular system. Suitable conditions are, typically, 
direct reaction of the electron-transfer agent with a dilute solution of the monomer in 
40 an inert solvent and under an inert atmosphere or in high vacuum. 

In general, the more reactive the electron-transfer agent the more likely is the 
formation of die tetrameric carbanion. Thus, for example, a 'mirror* cf sodium will 
normally give the dimcr, whereas sodium/potassium alloy, in which the major react- 
ing constituent is the very reactive potassium, yields the tetramer. 
45 Where the electron transfer agent is a salt M + A~ it is normally preferable to use 

it diluted with the same solvent as used for the monomer. Care must be taken ro ex- 
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ciude impurities such as water, oxygen and grease which could lead to premature term- 
ination of the carfcanion chain. The most suitable conditions for die preparation of the 
carbanton may be determined readily by experiment, the formation of x carbanioa 
being indicated urnnistakably by its intense colour in solution. 
5 Amongst available inert solvents, cyclic erhers such as tetrahydrofuran and dioxan 

have been found to be particularly useful* Alternatively other ethers such as dimethoxy- 
ethane may be used. 

The preferred procedure for reducing the stable carbaniou is to react the car- 
banion with a halogen such as iodine. Considering for clarity only one end of the 
10 carbanien, the reduction where M is an alkali metal for example takes place by the 
following reaction. 




I 1 r i i! 
— **—c— c— c-c.-^**- + ml 

t*2 K *4 *2 

Reduction of the carbanion may of course be achieved by alternative procedures. 
These include electrolytic reduction of the carbanion and reaction with sterically hin- 
dered aikyl halides such as triphenylmethyibromide. The latter procedure is believed 
to proceed mainly by the following route. 



I I I". Ill + MBr 
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R2 R 4 R 4 R2 

^ Novel polymers may be prepared in accordance with the invention from a wide 
variety^ of oleSnic monomers, especially vinyl monomers, which are asymmetrical 
20 about the olefinic double bond. Such monomers include styrene, f<-alkylstyrenes, * 
methyi-3-alkylstyrenes. ,8-methyistyrene, 3-chiorostyrene, vinyl pyridine, l-vinvlnapli- 
thalene, 2-vinylnaphthaiene, and 4-vinyldipbenyl. 

Typical examples of the preparation of polymers in accordance with the invention 
will now be described. 

25 Example 1 1 

^methyistyrene monomer, thoroughly dried by refluxing with calcium hydride 
with periodic freezing and degassing, is dissolved in tetrahyrkofuran to give a 0.5M 
solution. This solution is contacted at 0°C in vacuo with a sodium mirror (prepared 
by melting pure dry sodium in vacuo) on the wall of an evacuated flask. The intense 

30 red colouration of the terrameric dicarbanion salt : 
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CH3 CH3CH3 CH 3 

No® ®C - CHr- CH - C- C - CK — CHr Cp No® 

: 2 2: 2 2 j 

Ph Ph Ph Pt» 

is produced unmccuatciy. The solution is maintained in contact with the sodium mirror 
for 4 to 5 hours and Lien reacted y: raraa with pure dry iodine. Iodine in tetrahydro- 
furan solution is added slowly ar.i carefully with vigorous mixing until the red coiour- 
* atioa of the dicarbanion saJ: is removed :o give a substantially colourless solution. 5 
Methanol is then added to yicki a white precipitate. This is filtered otf, rsdissoiyed in 
tetrahydxofuran &nd re-precipitated a further twice. The product is finally dried at 
50 (> C'for 12 hours co give a'predomiaactly head-ro-head. and iait-io-taiJ bonded poiy 
(<r-methyl-siyreoc}. 

10 Example 2 10 

Where an electron transfer agent MrA~ is used it is preferably reacted with a 
solution of die monomer while itself in solution in the same solvent. An apparatus in 
which the reaction between a solution of an linsyrninerrical substituted alkene and a 
solution of an electron' transfer agent may be readily carried out will be described with 

15 reference to the drawing filed with rhe provisional specification accompanying aonlica- 15 
tion No. 14209/67, 

Reservoirs 1 and 2 contain respectively a solution of the monomer to be poly- 
merised and a soluiion of electron transfer agent. The reservoirs arc scaled from ihe 
remainder of the apparatus by canvemicoai break seals each comprising a terromag- 
20 netic rod 3 capsule of being forcefully moved by an cxtemai magnetic field against a 20 
glass membrane 4 so as tu break this membrane and release the contents of each reser- 
voir into corresponding flasks 5 and 6, 

In order to carry out a head -to-head polymerisation the apparatus is first evacu- 
ated by the vacuum pump with stopcocks 7, 9 3 10 and 11 open and stopcocks S and 
12 closed. When a good vacuum is established stopcock 7 is closed and the break seals 25 
sealing reservoirs 1 and 2 arc broken to release monomer and catalyst respectively in-o 
flasks 5 and 6. Stopcock 11 is then closed and nitrogen is released into rhe apparatus 
from the supply 13 by opening stopcock 8 until a nitrogen pressure of about two- thirds 
of an atmosphere is achieved. This nitrogen pressure forces the monomer and electron 
transfer agent solutions through tubes 14 and 15 respectively from which they emerge 30 
into reaction vessel 16. The jets 17 and IS are arranged so that rhe solutions meet 
and irsermix very rapidly above a convex surface 19 which projects into the reaction 
vessel 16. The reaction product from reaction vessel 16 ? drains from ±c reaction 
vessel down tube 20 into collection vessel 21. The reaction may be stopped at any 
desired time by opening stopcock 11 to equalise the nitrogen pressure :hroughou-c the 35 
apparatus. 

The collection vessel 21 may he sealed and removed at 22 and reaction product 
stored in this way is stable for some time. The preparation of the head- to-head jinked 
polymer is completed by reducing rhe reaction product in vessel 21 with an appro- 
priate agent such as a halogen solution which can be represented as being introduced 40 
from a reservoir 23 by opening stopcock 12. Mixing in vessel 21 may- be achieved by 
means of a magnetically-operated stirrer 24. The resuiring polymer may be isolated 
and purified in a conventional manner, 

A typical preparation of a prcdominaady head-tc-head linked polystyrene may 
be earned in die apparatus hereinbefore described a ' 45 

firstly, an electron transfer agent, sodium naphthalene is prepared by reacting a 
solution of naphthalene in tetrahydrofuran with sodium in vacuo. The resulting terra- 
hydrofuran solution of sodium naphthalene is transferred to the polymerisation appa- 
ratus and reacted with a solution of styrene monomer in terahydrufumn. Reaction 
takes to form the stable dicarb anion according to the- Mowing equations (wherein S 50 
ami N represent styrene and naphthalene respectively). 

K @ =Ha®$ @ + N , 

2Nc ® S© - Na«s© £*a© 2 . 



Reaction 2. is made to predominate over :he normal stepwise polymerisation of 
styrene by ensuring that a large excess of electron transfer agent is present, thus re- 



« 
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during the amount of free monomer ia die system. The proportion of electron Transfer 
agent should be at least ove ciincs that of the monomer to produce the dimeric dxar- 
banien salt, which has the structure 

Na * e CH— CH;— CH,— 9 CH Na e 



Ph 



Ph 
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The dimeric dtcarbaoion sal: is finally reduced by reacrion with a ioiution of iodine 
ia tctrahydrofuran until the characteristic colour of the dicarbanion is removed. The 
polymer is then precipitated by the addition of methanol, filtered off, re-dusolved in 
tetrahydrofuran and re-precipitated a further -vice. After drying a: 50°C for about 
12 hours die product is found to be predominantly head-to-head and tail-co-taii linked 
polystyrene. 

Example 3 

A stable carbanion salt of <.T-methyl-styrene in tetrahydrofuran is prepared as :c 
Example 1 and thraced with trlphenyiracLhy -bromide until a colourless solution is ob- 
tained. The resulting polymer is isolated und purified as in Example 1 and found to 
be predominantly head-to-head and :aii-:c-:aii linked poiy (:r-meihyi-s:yrene). 

Certain stericaJly-hindered monomers such as lj-diphenylethyiene are difficult 
to polymerise by the preferred process ia accordance with the invencen and arc better 
prepared by rapidly treating the stable carbanion with sufficient excess halogen, prefer- 
ably iodine id form the carbanion «.<ii-dihalide and reacting this dihalide with a sub- 
stantially equimolar quantity of further carbanion tu yield a head-to-head and rail-to- 
tail linked polymer. 

WHAT WE CLAIM IS : — 

1. A process for the production of a head-to-head and taii-to-caii linked polymer 
consisting predominantly of repeating units having the structural formula 

r* ?■ f i ?3 
-4-c-c-c-c- 



1 1 1 i 
R 4 



wherein R X) R 2? R* and R 4 are hydrogen, halogen, cr univalent radicals selected from 
the group comprising aikyt, aryL aralkyl, aikoxy, aryloxy, alkoxyearbonyL aryloxy- 
carbor.yl radicals and substituted derivatives thereof, which process comprises xeicung 
an unsymmetrical substituted alkene which has the formula R* X.C = CRj. wherein 
R,, R r , and R t arc as hereinbefore defined, with an eJectron transfer agent M or 
M^A" where M is an alkali metal or alkaline earth metal and A* is an anlcr. arrived 
from a polynudear aromatic hydrocarbon, :c- form a dicarbanicn iair having either 
the dimeric smicturc 

Ro Ri ri* R- 



*2 R 4 
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or the tetrameric structure 



R* Ri R, R, R- R ( ft, R, 

j 9 ? I 1 i 1 I 3 r I 1 i 1 { 3 ft m 

I II I I I I I 

R 4 Rj R 4 R 4 R 2 R 2 R 4 
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and subsequendy reducing the dicarbarion salt wicb a haiogen to yield :he polymer. 

2. A process for the production of a hcad-to-hcad and tail-to-tail linked poiymer 
consisting prcdommantiy of repeating units having the structural formula 

?3 f I ft > 

■c-c-c-c- 

I i i T 
R, Rjj Rj R 4 
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wherein R : , R r , Rj and R« are hydrogen, haiogen, or univalent radicals selected from 
the group comprising alkyL, aryi, aralkyl, alkoxy aryloxy* alkoxycarfaonvl, aryloxy- 
carbonyl radicals and substituted derivatives thereof, whicn process comprise reacting 
an unsymmetrical substituted alkene which has the formula R t R 2 C=^R 3 R 4 wherein 
Ru Rai Rj and R, arc as hereinbefore defined, with an election transfer agent M or 
M*Ar where M is an alkali metal or alkaline earth metal and A" is an anion derived 
from a polynudear aromatic hydrocarbon, to form a dicarbarion salt having either 
the dimeric structure 



1 'I 

^4 ff«2 ^2 ^4 

10 or the tetrameric struct uie ™ 



c-C-C-C-C-C-C-C M 
R 4 «2«2 R 4 R 4 R 2 *2 R 4 
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and subsequently reducing the dicarbanion salt dectroiyricaliy to yield tie polymer. 

3. A process for the production of a head-to-head and tail-to-tail linked polymer 
consisting predominantly of repeating units having the structural formula 



^ f 1 

11-11 

*4 *2 ^2 "4 

wherein R„ R 3 , R, and R t are hydrogen, halogen or univalent radicals selected from 
the group comprising alkyi, aryl, anikyL alkoxy aiyloxy, alkoxycarbonyi, aryloxy- 
carbo nvl 'radicals and substftutcd derivatives thereof, which prezess comprises react- 
ing an unsymmetrical substituted aikere which has the formula Ri R<. C = CR 3 R< 
wherein R l? R 2 , R a and R 4 are as hereinbefore defined, with an electron transfer agent 
M or M + A~ where M is an alkali metai or alkaline earth metal and A~ is an anion 
dmvtd from a polynuciear aromatic hydrocarbon :o form a dicarbanion salt having 
cither the dimcric structure 

R. 



a q I 3 I 1 l 1 Id * 
M C-C-C-C W M* 
I I 



or the terramcric structure 
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a © f» i"?' 1 3 r 3 l' i" f 3 © © 

®M® C-C-C-C-C-C-C-C e M® 
I I I I I I I I 
R^ Rj Rj R^ R^ R*j ^2 ^4 



and subsequently reducing the dicarbanion salt with a stcrically hindered alfcyl h^lidc 
to yield the polymer. 

4. A process according to claim 1 in which the halogen is iodine. 

5. A process according to any preceding claim in which the electron transfer agent 30 
is sodium. 

6. A process according to any one of claims 1 — 4 in which die electron transfer 
agent is a sodium/potassium alloy. 

7. A process according to any one of claims 1 — • in which the electron agent is 
sodium naphthalene or sodium diphenyl. 35 

8. A process for the production of a head-co-head and taiJ-ta-taii linked polymer 
substantially as hereinbefore described in Examples 1, 2 or 3. 
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9. A polymer containing predominantly head-to-head and cati-to-ta:! repealing 
monomer units when produced by a process according to any preceding claim. 

10. Poly (o-mcthyhtyrcne) containing a predominance of head-to-heud and tail- 
to-tail repeating units of o-mcthyktyrenc. 

5 11. Polystyrene containing a predominance of head-to-head and tail-to-taii re- 5 

peating units of styrene. 

J. V. GOODFELLOW; 
Chartered Patent Agent. 
Agent for the Applicants. 
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